SEQUENCE LISTING 

<110> Porro, Danilo 
Sauer, Michael 

<120> Ascorbic Acid Production from Yeast 

<130> 2028.594000 

<140> 
<141> 

<160> 26 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 610 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 1 

Met Leu Arg Ser Leu Leu Leu Arg Arg Ser Val Gly His Ser Leu Gly 
1 5 10 15 

Thr Leu Ser Pro Ser Ser Ser Thr lie Arg Ser Ser Phe Ser Pro His 
20 25 30 

Arg Thr Leu Cys Thr Thr Gly Gin Thr Leu Thr Pro Pro Pro Pro Pro 
35 ~ 4 0 4 5 

Pro Pro Arg Pro Pro Pro Pro Pro Pro Ala Thr Ala Ser Glu Ala Gin 
50 55 60 

Phe Arg Lys Tyr Ala Gly Tyr Ala Ala Leu Ala lie Phe Ser Gly Val 
65 70 75 80 

Ala Thr Tyr Phe Ser Phe Pro Phe Pro Glu Asn Ala Lys His Lys Lys 
85 90 " 95 

Ala Gin lie Phe Arg Tyr Ala Pro Leu Pro Glu Asp Leu His Thr Val 
100 105 ^ 110 

Ser Asn Trp Ser Gly Thr His Glu Val Gin Thr Arg Asn Phe Asn Gin 
115 120 125 

Pro Glu Asn Leu Ala Asp Leu Glu Ala Leu Val Lys Glu Ser His Glu 
130 135 " 140 

Lys "Lys Leu Arg lie Arg Pro Val Gly Ser Gly Leu Ser Pro Asn Gly 
145 150 155 160 

lie Gly Leu Ser Arg Ser Gly Met Val Asn Leu Ala Leu Met Asp Lys 
165 170 175 



Val Leu Glu Val Asp Lys Glu Lys Lys Arg Val Thr Val Gin Ala Gly 
180 185 190 



0 



He Arg Val Gin Gin Leu Val Asp Ala He Lys Asp Tyr Gly Leu Thr 
195 200 205 

Leu Gin Asn Phe Ala Ser He Arg Glu Gin Gin He Gly Gly He He 
210 215 220 

Gin Val Gly Ala His Gly Thr Gly Ala Arg Leu Pro Pro He Asp Glu 
225 230 4 235 240 

Gin Val He Ser Met Lys Leu Val Thr Pro Ala Lys Gly Thr He Glu 
245 250 255 

Leu Ser Arg Glu Lys Asp Pro Glu Leu Phe His Leu Ala Arg Cys Gly 
260 " 265 270 

Leu Gly Gly Leu Gly Val Val Ala Glu Val Thr Leu Gin Cys Val Ala 
275 280 285 

Arg His Glu Leu Val Glu His Thr Tyr Val Ser Asn Leu Gin Glu He 
290 295 300 

Lys Lys Asn His Lys Lys Leu Leu Ser Ala Asn Lys His Val Lys Tyr 
305 310 315 " 320 

Leu Tyr He Pro Tyr Thr Asp Thr Val Val Val Val Thr Cys Asn Pro 
325 ~ 330 335 

Val Ser Lys Trp Ser Gly Pro Pro Lys Asp Lys Pro Lys Tyr Thr Thr 
340 345 " 350 

Asp Glu Ala Val Gin His Val Arg Asp Leu Tyr Arg Glu Ser lie Val 
355 360 365 

Lys Tyr Arg Val Gin Asp Ser Gly Lys Lys Ser Pro Asp Ser Ser Glu 
370 ' 375 ^ ' 380 

Pro Asp He Gin Glu Leu Ser Phe Thr Glu Leu Arg Asp Lys Leu Leu 
385 390 395 400 

Ala Leu Asp Pro Leu Asn Asp Val His Val Ala Lys Val Asn Gin Ala 
405 410 415 

Glu Ala Glu Phe Trp Lys Lys Ser Glu Gly Tyr Arg Val Gly Trp Ser 
420 425 430 

Asp Glu He Leu Gly Phe Asp Cys Gly Gly Gin Gin Trp Val Ser Glu 
435 440 445 

Ser Cys Phe Pro Ala Gly Thr Leu Ala Asn Pro Ser Met Lys Asp Leu 
450 455 460 

Glu Tyr lie Glu Glu Leu Lys Lys Leu He Glu Lys Glu Ala He Pro 
465 470 475 ■ 480 

Ala Pro Ala Pro He Glu Gin Arg Trp Thr Ala Arg Ser Lys Ser Pro 



485 



490 



495 



lie Ser Pro Ala Phe Ser Thr Ser Glu Asp Asp He Phe Ser Trp Val 
500 505 510 



Gly He He Met Tyr Leu Pro Thr Ala Asp Pro Arg Gin Arg Lys Asp 
515 520 525 

He Thr Asp Glu Phe Phe His Tyr Arg His Leu Thr Gin Lys Gin Leu 
530 535 540 

Trp Asp Gin Phe Ser Ala Tyr Glu His Trp Ala Lys He Glu He Pro 
545 550 555 560 

Lys Asp Lys Glu Glu Leu Glu Ala Leu Gin Ala Arg He Arg Lys Arg 
565 570 575 

Phe Pro Val Asp Ala Tyr Asn Lys Ala Arg Arg Glu Leu Asp Pro Asn 
580 585 590 

Arg He Leu Ser Asn Asn Met Val Glu Lys Leu Phe Pro Val Ser Thr 
595 600 605 

Thr Ala 
610 



<210> 2 
<211> 1833 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: A. thaliana 
<400> 2 

atgctccggt cacttcttct ccgacgctcc gtcggccatt ctctcggaac cctatctccg 60 
tcttcatcca ccatccgttc ctcattttcg cctcatcgta ctctctgcac caccggtcaa 120 
acattgacac caccaccgcc gccaccgcca cgtcctccac ctccgcctcc ggccaccgcc 180 
tcagaagctc aattccgtaa atacgccgga tacgcagcac tcgctatctt ctctggagtt 240 
gctacctatt tctcatttcc attccctgag aatgctaaac acaagaaggc tcaaatcttc 300 
cgttacgctc ctttacctga agatcttcac actgtctcta attggagtgg tactcatgag 360 
gtacagacta ggaactttaa tcaaccggag aatcttgctg atctcgaagc tcttgttaag 420 
gaatctcatg agaagaagtt aaggattcgt cccgttggat cgggtctctc gcctaatggg 480 
attggtttgt ctcgctctgg gatggtgaat ctggcgctta tggataaagt tctagaggtg 540 
gataaagaga agaagagagt tacggtgcag gctgggatta gggtccagca attggttgac 600 
gccattaaag actatggtct tactcttcag aactttgcct ccattagaga gcagcagatt 660 
ggtggtatta ttcaggttgg ggcacatggg acaggtgcta gattgcctcc tattgatgag 720 
caggtgatca gtatgaagct ggttactcct gcgaagggaa caattgaact ttcaagagag 780 
aaagatccgg agctctttca tctagctcga tgtggccttg gtggacttgg agttgttgct 840 
gaggtcaccc tccaatgcgt tgcaagacat gaacttgtgg aacacacata cgtctcaaac 900 
ttgcaagaaa tcaagaaaaa tcacaaaaaa ttcjctctctg caaacaagca tgttaagtac 960 
ctatatattc cttataccga cacagtcgtg gttgtaacat gcaatcctgt atcaaaatgg 1020 
agtgggccac ctaaggacaa accaaagtac actacagatg aggctgtaca gcatgtccgt 1080 
gatctctaca gagagagcat tgtgaagtat agggtccagg actctggtaa gaagtctcct 1140 
gacagcagtg agccagacat acaggagctt tcatttacag agttgagaga caaactactt 1200 
gcccttgatc ctctcaatga cgttcacgtt gcaaaagtaa atcaagctga ggcagagttt 1260 
tggaaaaaat cagaaggata tagagtaggg tggagtgatg aaattctggg ctttgactgt 1320 



ggtggtcagc agtgggtgtc agaatcttgt tttcctgctg gaaccctcgc caaccctagc 1380 
atgaaagacc ttgaatacat agaagagctg aaaaaactaa tagaaaagga agcaatacca 1440 
gcacctgctc caatagagca gcgatggaca gctcgaagta agagccccat tagtcctgca 1500 
ttcagcactt cagaggatga tattttctca tgggttggta taatcatgta cctcccgaca 1560 
gcagaccctc gccagagaaa ggacatcaca gatgaatttt tccactatag acatttgaca 1620 
cagaaacaat tgtgggatca attttctgcg tatgaacatt gggctaaaat tgagatacca 1680 
aaagacaaag aagaacttga agccttacag gcaagaataa gaaaacgttt cccagtggat 1740 
gcatacaaca aagcacgtag ggagctggac ccaaatagaa tcctctccaa caacatggtg 1800 
gaaaagctct tcccagtctc caccactgct taa 1833 



<210> 3 
<211> 600 
<212> PRT 

<213> Brassica oleracea 
<400> 3 

Met Leu Arg Ser Leu Leu Leu Arg Arg Ser Asn Ala Arg Ser Leu Arg 
1 5 10 15 

Pro Pro Phe Pro Pro Leu Arg Thr Leu Cys Thr Ser Gly Gin Thr Leu 
20 " 25 ~ 30 

Thr Pro Ala Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro lie Ser Ser 
35 40 45 

Ser Ala Ser Glu Lys Glu Phe Arg Lys Tyr Ala Gly Tyr Ala Ala Leu 
50 55 60 

Ala Leu Phe Ser Gly Ala Ala Thr Tyr Phe Ser Phe Pro Phe Pro Glu 
65 " 70 75 80 

Asn Ala Lys His Lys Lys Ala Gin lie Phe Arg Tyr Ala Pro Leu Pro 
8 5 90 95 

Glu Asp Leu His Thr Val Ser Asn Trp Ser Gly Thr His Glu Val Gin 
100 105 110 

Thr Arg Asn Phe Asn Gin Pro Glu Thr Leu Ala Asp Leu Glu Ala Leu 
115 120 125 

Val Lys Glu Ala His Glu Lys Lys Asn Arg lie Arg Pro Val Gly Ser 
130 135 140 

Gly Leu Ser Pro Asn Gly lie Gly Leu Ser Arg Ser Gly Met Val Asn 
145 150 155 160 

Leu Ala Leu Met Asp Lys Val Leu Glu Val Asp Lys Glu Lys Lys Arg 
165 ^ 170 * " 175 

Val Arg Val Gin Ala Gly He Arg Val Gin Gin Leu Val Asp Ala He 
180 185 190 

Gin Glu Tyr Gly Leu Thr Leu Gin Asn Phe Ala Ser He Arg Glu Gin 
195 200 205 



Gin He Gly Gly He He Gin Val Gly Ala His Gly Thr Gly Ala Arg 



1 



210 



215 



220 



Leu Pro Pro lie Asp Glu Gin Val He Gly Met Lys Leu Val Thr Pro 
225 230 235 240 

Ala Lys Gly Thr He Glu Leu Ser Lys Asp Asn Asp Pro Glu Leu Phe 
245 250 255 

His Leu Ala Arg Cys Gly Leu Gly Gly Leu Gly Val Val Ala Glu Val 
260 265 270 

Thr Leu Gin Cys Val Glu Arg Gin Glu Leu Leu Glu His Thr Tyr Val 
275 280 285 

Ser Thr Leu Glu Glu He Lys Lys Asn His Lys Lys Leu Leu Ser Thr 
290 295 300 

Asn Lys His Val Lys Tyr Leu Tyr He Pro Tyr Thr Asp Thr Val Val 
305 310 315 320 

Val Val Thr Cys Asn Pro Val Ser Lys Trp Ser Gly Ala Pro Lys Asp 
325 330 335 

Lys Pro Lys Tyr Thr Thr Glu Glu Ala Leu Lys His Val Arg Asp Leu 
340 345 350 

Tyr Arg Glu Ser He Val Lys Tyr Arg Val Gin Asp Ser Ser Lys Lys 
355 360 365 

Thr Pro Asp Ser Arg Glu Pro Asp He Asn Glu Leu Ser Phe Thr Glu 
370 ^ 375 380 

Leu Arg Asp Lys Leu He Ala Leu Asp Pro Leu Asn Asp Val His Val 
385 390 395 400 

Gly Lys Val Asn Gin Ala Glu Ala Glu Phe Trp Lys Lys Ser Glu Gly 
405 410 415 

Tyr Arg Val Gly Trp Ser Asp Glu He Leu Gly Phe Asp Cys Gly Gly 
420 *" 425 430 

Gin Gin Trp Val Ser Glu Thr Cys Phe Pro Ala Gly Thr Leu Ala Lys 
435 440 445 

Pro Ser Met Lys Asp Leu Glu Tyr He Glu Gin Leu Lys Glu Leu He 
450 s . 455 460 

Gin Lys Glu Ala He Pro Ala Pro Ser Pro lie Glu Gin Arg Trp Thr 
465 470 475 480 

Gly Arg Ser Lys Ser Pro Met Ser Pro Ala Phe Ser Thr Ala Glu Glu 
4 85 4 90 4 95 



Asp He Phe Ser Trp Val Gly He He Met Tyr Leu Pro Thr Ala Asp 
500 505 510 



Pro Arg Gin Arg Lys Asp lie Thr Asp Glu Phe Phe His Tyr Arg His 



) 



515 520 

Leu Thr Gin Ala Lys Leu Trp Asp 
530 535 

Ala Lys lie Glu lie Pro Lys Asp 
545 550 

Glu Arg Leu Arg Lys Arg Phe Pro 
565 

Arg Glu Leu Asp Pro Asn Arg lie 
580 

Leu Phe Pro Val Ser Lys Thr Ala 
595 600 



525 

Gin Tyr Ser Ala Tyr Glu His Trp 
540 

Lys Glu Glu Leu Glu Ala Leu Gin 
555 560 

Val Asp Ala Tyr Asn Lys Ala Arg 
570 575 

Leu Ser Asn Asn Met Val Glu Lys 
585 590 



<210> 4 
<211> 2064 
<212> DNA 

<213> Brassica oleracea 
<400> 4 

aattcggcac gagctttcgc tggctcaggt ttcagatcgc ctgaactaaa acaaaatgct 60 

ccgatcactt ctcctccgcc gctccaacgc ccgttcgctt cgacccccat ttccccctct 120 

ccgcactcta tgcacttccg gtcagacctt gactccagcc cctccaccgc cgcctcctcc 180 

tccaccgccg atttcatcct ccgcctcaga aaaggagttc cgtaaatacg ccggatacgc 240 

agcactcgct ctcttctccg gcgccgcaac ttacttctcc ttccccttcc ccgagaacgc 300 

caaacacaag aaggctcaga tcttccgata cgctcctctc cccgaagatc tccacaccgt 360 

ctctaactgg agtggtactc acgaggtcca gaccaggaac tttaaccagc cggagactct 420 

cgccgatctc gaagctctcg tcaaggaagc tcatgagaag aagaacagga tccgacccgt 480 

tggatccggt ctttccccca atgggatcgg tttgtctcgc tcggggatgg tgaatttggc 540 

gctcatggac aaggtcctcg aggtggataa agagaagaag agagtccgtg tgcaggctgg 600 

gattagggtt cagcagcttg ttgacgccat tcaagagtat ggtctcactc tccagaactt 660 

tgcttccatt agagagcagc agattggtgg catcattcag gttggggcac atgggacagg 720 

tgctagattg cctcctatcg atgagcaagt gattggcatg aagcttgtca ctcctgctaa 780 

gggaactatt gagctttcta aggataatga tccggagctc tttcatcttg ctcgatgtgg 840 

ccttggtgga cttggagttg ttgctgaggt caccctccag tgcgttgaaa gacaggagct 900 

tttggagcac acttacgtct ccaccttgga agagatcaag aaaaatcaca aaaagttgct 960 

ctctacaaat aagcatgtca agtacctgta tattccatat actgacacgg tcgtggttgt 1020 

tacatgcaac cctgtatcaa aatggagtgg ggcacctaag gacaaaccaa agtacactac 1080 

agaggaggct ttaaagcatg tccgtgacct gtatagagag agcattgtta agtatagggt 1140 

ccaggactct agtaagaaga ctcctgacag tagggagcca gacattaacg agctttcatt 1200 

tacagagttg agagataagc tgattgccct agatcctctc aatgacgttc acgttggaaa 1260 

agtgaatcaa gctgaggctg agttttggaa aaaatcagaa ggatacagag tagggtggag 1320 

tgatgaaatc ctgggctttg actgtggtgg tcaacagtgg gtatcagaaa cttgttttcc 1380 

tgctggaact ctcgctaaac ctagcatgaa agaccttgag tacatagaac agctgaaaga 1440 

gttgatacaa aaagaagcaa taccagcacc ttctcccata gagcagcgtt ggacaggccg 150.0 

aagtaagagc cctatgagtc ctgcattcag cactgcagag gaggacattt tctcatgggt 1560 

tggtataatc atgtatctcc cgacagcaga ccctcgccag agaaaggaca tcacggatga 1620 

atttttccac tatagacatt tgacacaggc aaaattgtgg gaccagtatt ctgcgtatga 1680 

acattgggct aaaattgaga taccaaagga taaagaggaa cttgaagccc tacaagaaag 1740 

actcagaaaa cgattcccgg tggatgcata caacaaagca cgaagggagc tggacccaaa 1800 

cagaattctc tcaaacaaca tggtggaaaa gctcttccct gtctccaaga ctgcttaaaa 1860 

acattttcat caatagtttt tttgctcctt gaagtaccac ttttggaatc ctataacgtt 1920 

gcatctacaa gtgtttgtaa gaagagtgaa gccgatatat tggtcacaaa aaaagtttac 1980 



attgagtttt actactattt tttttttcgc agttcccctg aataaatata cttgttgttc 2040 
tattccaaaa aaaaaaaaaa aaaa 2064 



<210> 5 
<211> 526 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 5 

Met Ser Thr lie Pro Phe Arg Lys Asn Tyr Val Phe Lys Asn Trp Ala 
1 5 10 15 

Gly lie Tyr Ser Ala Lys Pro Glu Arg Tyr Phe Gin Pro Ser Ser lie 
20 25 30 

Asp Glu Val Val Glu Leu Val Lys Ser Ala Arg Leu Ala Glu Lys Ser 
35 40 45 

Leu Val Thr Val Gly Ser Gly His Ser Pro Ser Asn Met Cys Val Thr 
50 55 60 

Asp Glu Trp Leu Val Asn Leu Asp Arg Leu Asp Lys Val Gin Lys Phe 
65 70 75 80 

Val Glu Tyr Pro Glu Leu His Tyr Ala Asp Val Thr Val Asp Ala Gly 
85 90 95 

Met Arg Leu Tyr Gin Leu Asn Glu Phe Leu Gly Ala Lys Gly Tyr Ser 
100 105 110 

lie Gin Asn Leu Gly Ser lie Ser Glu Gin Ser Val Ala Gly lie lie 
115 120 125 

Ser Thr Gly Ser His Gly Ser Ser Pro Tyr His Gly Leu lie Ser Ser 
130 ' 135 140 

Gin Tyr Val Asn Leu Thr lie Val Asn Gly Lys Gly Glu Leu Lys Phe 
145 150 155 160 

Leu Asp Ala Glu Asn Asp Pro Glu Val Phe Lys Ala Ala Leu Leu Ser 
165 ^ 170 175 

Val Gly Lys He Gly He He Val Ser Ala Thr He Arg Val Val Pro 
180 185 190 

Gly Phe Asn He Lys Ser Thr Gin Glu Val He Thr Phe Glu Asn Leu 
195 200 205 

Leu Xys Gin Trp Asp Thr Leu Trp Thr Ser Ser Glu Phe He Arg Val 
210 215 220 

Trp Trp Tyr Pro Tyr Thr Arg Lys Cys Val Leu Trp Arg Gly Asn Lys 
225 230 235 240 



Thr Thr Asp Ala Gin Asn Gly Pro Ala Lys Ser Trp Trp Gly Thr Lys 
245 250 ~ 255 



Leu Gly Arg Phe Phe Tyr Glu Thr Leu Leu Trp He Ser Thr Lys He 
260 265 270 



Tyr Ala Pro Leu Thr Pro Phe Val Glu Lys Phe Val Phe Asn Arg Gin 
275 280 285 

Tyr Gly Lys Leu Glu Lys Ser Ser Thr Gly Asp Val Asn Val Thr Asp 
290 295 300 

Ser He Ser Gly Phe Asn Met Asp Cys Leu Phe Ser Gin Phe Val Asp 
305 310 315 320 

Glu Trp Gly Cys Pro Met Asp Asn Gly Leu Glu Val Leu Arg Ser Leu 
325 330 335 

Asp His Ser He Ala Gin Ala Ala He Asn Lys Glu Phe Tyr Val His 
340 345 350 

Val Pro Met Glu Val Arg Cys Ser Asn Thr Thr Leu Pro Ser Glu Pro 
355 360 365 

Leu Asp Thr Ser Lys Arg Thr Asn Thr Ser Pro Gly Pro Val Tyr Gly 
370 375 380 

Asn Val Cys Arg Pro Phe Leu Asp Asn Thr Pro Ser His Cys Arg Phe 
385 390 395 400 

Ala Pro Leu Glu Asn Val Thr Asn Ser Gin Leu Thr Leu -Tyr He Asn 
405 410 415 

Ala Thr He Tyr Arg Pro Phe Gly Cys Asn Thr Pro He His Lys Trp 
420 ~ ' 425 430 

Phe Thr Leu Phe Glu Asn Thr Met Met Val Ala Gly Gly Lys Pro His 
435 440 445 

Trp Ala Lys Asn Phe Leu Gly Ser Thr Thr Leu Ala Ala Gly Pro Val 
450 455 460 

Lys Lys Asp Thr Asp Tyr Asp Asp Phe Glu Met Arg Gly Met Ala Leu 
465 ' 470 " 475 480 

Lys Val Glu Glu Trp Tyr Gly Glu Asp Leu Lys Lys Phe Arg Lys He 
485 490 495 

Arg Lys Glu Gin Asp Pro Asp Asn Val Phe Leu Ala Asn Lys Gin Trp 
500 505 510 



Ala "Tie He Asn Gly He He Asp Pro Ser Glu Leu Ser Asp 
515 520 525 



<210> 6 
<211> 1581 
<212> DNA 

<213> Saccharomyces cerevisiae 



<400> 6 

atgtctacta 

gcaaaaccag 

agtgccaggc 

atgtgcgtta 

gttgaatatc 

caattgaatg 

gaacaaagtg 

ttgatttctt 

ttggatgccg 

ggtatcattg 

gaagtgatta 

tttatcagag 

actacagatg 

ttctacgaaa 

gaaaagttcg 

aatgttaccg 

gaatgggggt 

gcgcaggctg 

aatactacat 

cccgtttatg 

gctccgttgg 

aggccgtttg 

atggtagcgg 

gctggaccag 

aaggttgaag 

gatcccgata 

cctagtgagt 



tcccatttag 
aacgttactt 
tagctgaaaa 
ctgatgaatg 
ctgagttaca 
aatttttggg 
ttgctggcat 
ctcaatacgt 
aaaacgatcc 
tctctgctac 
cttttgaaaa 
tttggtggta 
cccaaaatgg 
ctctattatg 
ttttcaacag 
attctatcag 
gccctatgga 
ccataaacaa 
taccttctga 
gcaatgtgtg 
aaaatgttac 
gctgtaatac 
gaggtaagcc 
tgaaaaagga 
aatggtatgg 
atgtattctt 
tgtccgacta 



aaagaactat 
ccaaccaagt 
aagcttagtt 
gcttgttaac 
ttatgccgat 
tgcgaaaggt 
aatctctact 
aaacttgact 
agaagtcttt 
tatcagggtt 
ccttttgaag 
cccttatact 
tccagccaag 
gatctctacc 
gcaatatggg 
cggatttaat 
taatggtttg 
agaattttat 
acccttggat 
ccgcccattc 
caacagtcag 
tccaattcat 
acattgggcc 
tactgattac 
cgaggatttg 
ggcaaacaaa 

g 



gtgttcaaaa 
tcaattgatg 
actgttggtt 
ttagacagat 
gtcacagttg 
tactctatcc 
ggtagtcatg 
attgttaatg 
aaagctgctt 
gttcccggct 
caatgggata 
agaaaatgtg 
tcatggtggg 
aaaatctatg 
aaattggaga 
atggactgtt 
gaagtcttac 
gtccacgtgc 
actagcaaga 
ctggataaca 
ttgacgttgt 
aaatggttta 
aagaacttcc 
gatgactttg 
aaaaagttcc 
cagtgggcta 



actgggccgg 
aggttgtcga 
cgggccattc 
tggacaaagt 
atgccggtat 
aaaatttagg 
gttcctcacc 
gtaagggcga 
tactttcagt 
tcaatattaa 
ccctatggac 
ttctatggag 
gtaccaagct 
cgccattaac 
agagctctac 
tgttttcaca 
gttcattgga 
ctatggaagt 
gaacaaacac 
caccatccca 
acataaatgc 
ccctttttga 
taggctcaac 
aaatgagggg 
ggaaaataag 
tcataaatgg 



aatttattct 
gttagtaaag 
tcctagtaac 
acaaaagttt 
gaggctttac 
ctctatctca 
ttatcacggt 
attgaagttc 
tggaaaaatt 
atccactcaa 
ttcatctgaa 
gggtaacaaa 
gggtagattt 
cccatttgtg 
tggtgatgtt 
atttgttgat 
tcattctatt 
ccgttgctca 
cagtcccggt 
ttgcagattt 
taccatttat 
aaatactatg 
cactctagct 
gatggcattg 
aaaggagcaa 
tattatagat 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1581 



<210> 7 

<211> 526 

<212> PRT 

<213> Saccharomyces cerevisiae 

<400> 7 

Met Ser Thr lie Pro Phe Arg Lys Asn Tyr Val Phe Lys Asn Trp Ala 
1 5 10 ~ 15 

Gly lie Tyr Ser Ala Lys Pro Glu Arg Tyr Phe Gin Pro Ser Ser lie 
20 25 30 

Asp Glu Val Val Glu Leu Val Lys Ser Ala Arg Leu Ala Glu Lys Ser 
35 40 45 

Leu Val Thr Val Gly Ser Gly His Ser Pro Ser Asn Met Cys Val Thr 
50 55 60 

Asp Glu Trp Leu Val Asn Leu Asp Arg Leu Asp Lys Val Gin Lys Phe 
65 ~ 70 75 80 

Val Glu Tyr Pro Glu Leu His Tyr Ala Asp Val Thr Val Asp Ala Gly 
85 90 95 



Met Arg Leu Tyr Gin Leu Asn Glu Phe Leu Gly Ala Lys Gly Tyr Ser 
100 105 110 



3 



He Gin Asn Leu Gly Ser He Ser Glu Gin Ser Val Ala Gly He He 
115 120 125 

Ser Thr Gly Ser His Gly Ser Ser Pro Tyr His Gly Leu He Ser Ser 
130 135 140 

Gin Tyr Val Asn Leu Thr He Val Asn Gly Lys Gly Glu Leu Lys Phe 
145 " 150 155 ^ 160 

Leu Asp Ala Glu Asn Asp Pro Glu Val Phe Lys Ala Ala Leu Leu Ser 
165 170 175 

Val Gly Lys lie Gly He He Val Ser Ala Thr He Arg Val Val Pro 
180 185 190 

Gly Phe Asn He Lys Ser Thr Gin Glu Val He Thr Phe Glu Asn Leu 
195 200 205 

Leu Lys Gin Trp Asp Thr Leu Trp Thr Ser Ser Glu Phe He Arg Val 
210 215 220 

Trp Trp Tyr Pro Tyr Thr Arg Lys Cys Val Leu Trp Arg Gly Asn Lys 
225 230 ~ 235 240 

Thr Thr Asp Ala Gin Asn Gly Pro Ala Lys Ser Trp Trp Gly Thr Lys 
245 250 255 

Leu Gly Arg Phe Phe Tyr Glu Thr Leu Leu Trp He Ser Thr Lys He 
260 265 270 

Tyr Ala Pro Leu Thr Pro Phe Val Glu Lys Phe Val Phe Asn Arg Gin 
275 280 285 

Tyr Gly Lys Leu Glu Lys Ser Ser Thr Gly Asp Val Asn Val Thr Asp 
290 295 300 

Ser He Ser Gly Phe Asn Met Asp Cys Leu Phe Ser Gin Phe Val Asp 
305 310 315 320 

Glu Trp Gly Cys Pro Met Asp Asn Gly Leu Glu Val Leu Arg Ser Leu 
325 330 335 

Asp His Ser He Ala Gin Ala Ala He Asn Lys Glu Phe Tyr Val His 
340 345 350 

Val Pro Met Glu Val Arg Cys Ser Asn Thr Thr Leu Pro Ser Glu Pro 
355 " 360 365 

Leu Asp Thr Ser Lys Arg Thr Asn Thr Ser Pro Gly Pro Val Tyr Gly 
370 375 380 



Asn Val Cys Arg Pro Phe Leu Asp Asn Thr Pro Ser His Cys Arg Phe 
385 ' 390 ' 395 " • 400 



Ala Pro Leu Glu Asn Val Thr Asn Ser Gin Leu Thr Leu Tyr He Asn 
405 410 415 



Pro Thr He Tyr Arg Pro Phe Gly Cys Asn Thr Pro lie His Lys Trp 
420 425 430 

Phe Thr Leu Phe Glu Asn Thr Met Met Val Ala Gly Gly Lys Pro His 
435 440 445 

Trp Ala Lys Asn Phe Leu Gly Ser Thr Thr Leu Ala Ala Gly Pro Val 
450 455 460 

Lys Lys Asp Thr Asp Tyr Asp Asp Phe Glu Met Arg Gly Met Ala Leu 
465 470 475 480 

Lys Val Glu Glu Trp Tyr Gly Glu Asp Leu Lys Lys Phe Arg Lys He 
485 490 495 

Arg Lys Glu Gin Asp Pro Asp Asn Val Phe Leu Ala Asn Lys Gin Trp 
500 505 510 

Ala He He Asn Gly He He Asp Pro Ser Glu Leu Ser Asp 
515 520 525 



<210> 8 
<211> 2138 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 8 

cccatgtcta ctatcccatt tagaaagaac tatgtgttca aaaactgggc cggaatttat 60 
tctgcaaaac cagaacgtta cttccaacca agttcaattg atgaggttgt cgagttagta 120 
aagagtgcca ggctagctga aaaaagctta gttactgttg gttcgggcca ttctcctagt 180 
aacatgtgcg ttactgatga atggcttgtt aacttagaca gattggacaa agtacaaaag 240 
tttgttgaat atcctgagtt acattatgcc gatgtcacag ttgatgccgg tatgaggctt 300 
taccaattga atgaattttt gggtgcgaaa ggttactcta tccaaaattt aggctctatc 360 
tcagaacaaa gtgttgctgg cataatctct actggtagtc atggttcctc accttatcac 420 
ggtttgattt cttctcaata cgtaaacttg actattgtta atggtaaggg cgaattgaag 480 
ttcttggatg ccgaaaacga tccagaagtc tttaaagctg ctttactttc agttggaaaa 540 
atcggtatca ttgtctctgc tactatcagg gttgttcccg gcttcaatat taaatccact 600 
caagaagtga ttacttttga aaaccttttg aagcaatggg ataccctatg gacttcatct 660 
gaatttatca gagtttggtg gtacccttat actagaaaat gtgttctatg gaggggtaac 720 
aaaactacag atgcccaaaa tggtccagcc aagtcatggt ggggtaccaa gctgggtaga 780 
tttttctacg aaactctatt atggatctct accaaaatct atgcgccatt aaccccattt 840 
gtggaaaagt tcgttttcaa caggcaatac gggaaattgg agaagagctc tactggtgat 900 
gttaatgtta ccgattctat cagcggattt aatatggact gtttgttttc acaatttgtt 960 
gatgaatggg ggtgccctat ggataatggt ttggaagtct tacgttcatt ggatcattct 1020 
attgcgcagg ctgccataaa caaagaattt tatgtccacg tgcctatgga agtccgttgc 1080 
tcaaatacta cattaccttc tgaacccttg gatactagca agagaacaaa caccagtccc 1140 
ggtcccgttt atggcaatgt gtgccgccca ttcctggata acacaccatc ccattgcaga 1200 
tttgctccgt tggaaaatgt taccaacagt cagttgacgt tgtacataaa tcctaccatt 1260 
tataggccgt ttggctgtaa tactccaatt cataaatggt ttaccctttt tgaaaatact 1320 
atgatggtag cgggaggtaa gccacattgg gccaagaact tcctaggctc aaccactcta 1380 
gctgctggac cagtgaaaaa ggatactgat tacgatgact ttgaaatgag ggggatggca 1440 
ttgaaggttg aagaatggta tggcgaggat ttgaaaaagt tccggaaaat aagaaaggag 1500 
caagatcccg ataatgtatt cttggcaaac aaacagtggg ctatcataaa tggtattata 1560 
gatcctagtg agttgtccga ctagtctctt tttgtctcaa taatctctat attttactaa 1620 
aaaagaatat atatatatat atttatatat agcagtgtga tgactgttca tgtacattct 1680 



aataactatt 
atgggaccct 
cggtaatgat 
tctacaggga 
gtactttttt 
tttgtaaaaa 
cgacaaatcc 
tttacttttg 



cctagctgcc 
tttttctttt 
tggtcgtata 
agtttttaga 
tctctctagg 
gcaaccattc 
gttttatcca 
gaaaacgcaa 



tatcaaagac 
cattatcctt 
agcaaaaacg 
aatcagatag 
atttaagtat 
gcaacaatgt 
ttttgtactg 
aatggtagaa 



ttttttttga 
actatagttt 
aaacatcggc 
aaatgtattt 
gtttagtatt 
cgatagtaga 
gattgcttct 
tcgtggtc 



attagagctt 
ttttttggaa 
atggcataac 
tgagtgctgt 
aactcatatc 
gacatgcata 
gaattgtgtg 



tttagtaatc 1740 
aagccgaacg 1800 
gtagatccta 1860 
atatattgca 1920 
acattttttc 1980 
tcgtttgttt 2040 
gttacaccgc 2100 
2138 



<210> 9 
<211> 440 
<212> PRT 

<213> Rattus norvegicus 
<400> 9 

Met Val His Gly Tyr Lys Gly Val Gin Phe Gin Asn Trp Ala Lys Thr 
1 5 10 15 

Tyr Gly Cys Ser Pro Glu Val Tyr Tyr Gin Pro Thr Ser Val Glu Glu 
20 25 30 

Val Arg Glu Val Leu Ala Leu Ala Arg Glu Gin Lys Lys Lys Val Lys 
35 40 45 

Val Val Gly Gly Gly His Ser Pro Ser Asp He Ala Cys Thr Asp Gly 
50 55 60 

Phe Met He His Met Gly Lys Met Asn Arg Val Leu Gin Val Asp Lys 
65 70 75 80 

Glu Lys Lys Gin He Thr Val Glu Ala Gly He Leu Leu Ala Asp Leu 
85 90 95 

His Pro Gin Leu Asp Glu His Gly Leu Ala Met Ser Asn Leu Gly Ala 
100 105 110 

Val Ser Asp Val Thr Val Ala Gly Val He Gly Ser Gly Thr His Asn 
115 120 125 

Thr Gly He Lys His Gly He Leu Ala Thr Gin Val Val Ala Leu Thr 
130 135 140 

Leu Met Thr Ala Asp Gly Glu Val Leu Glu Cys Ser Glu Ser Arg Asn 
145 " 150 155 160 

Ala Asp Val Phe Gin Ala Ala Arg Val His Leu Gly Cys Leu Gly He 
165 170 175 

lie Leu Thr Val Thr Leu Gin Cys Val Pro Gin Phe Gin Leu Gin Glu 
180 185 190 

Thr Ser Phe Pro Ser Thr Leu Lys Glu Val Leu Asp Asn Leu Asp Ser 
195 200 205 



His Leu Lys Arg Ser Glu Tyr Phe Arg Phe Leu Trp Phe Pro His Thr 
210 215 220 



Glu Asn Val Ser He He Tyr Gin Asp His Thr Asn Lys 
225 230 235 

Ser Ala Ser Asn Trp Phe Trp Asp Tyr Ala He Gly Phe 
245 250 

Glu Phe Leu Leu Trp Thr Ser Thr Tyr Leu Pro Cys Leu 
260 265 



Ala Pro Ser 
240 

Tyr Leu Leu 
255 

Val Gly Trp 
270 



He Asn Arg Phe Phe Phe Trp Met Leu Phe Asn Cys Lys 

275 280 285 

Ser Asn Leu Ser His Lys He Phe Thr Tyr Glu Cys Arg 

290 295 300 



Lys Glu Ser 
Phe Lys Gin 



His Val Gin Asp Trp Ala lie Pro Arg Glu Lys Thr Lys 
305 310 315 

Leu Glu Leu Lys Ala Met Leu Glu Ala His Pro Lys Val 
325 330 

Tyr Pro Val Glu Val Arg Phe Thr Arg Gly Asp Asp He 
340 345 

Pro Cys Phe Gin Arg Asp Ser Cys Tyr Met Asn He lie 
355 360 365 

Pro Tyr Gly Lys Asp Val Pro Arg Leu Asp Tyr Trp Leu 
370 375 380 



Glu Ala Leu 
320 

Val Ala His 
335 

Leu Leu Ser 
350 

Met Tyr Arg 
Ala Tyr Glu 



Thr He Met Lys Lys Phe Gly Gly Arg Pro His Trp Ala Lys Ala His 
385 390 395 400 



Asn Cys 
Phe Cys 
Ser Tyr 



Thr Gin Lys Asp Phe Glu Glu Met Tyr Pro Thr 
405 410 

Asp lie Arg Glu Lys Leu Asp Pro Thr Gly Met 
420 425 

Leu Glu Lys Val Phe Tyr 
435 440 



Phe His Lys 
415 

Phe Leu Asn 
430 



<210> 10 
<211> 2120 
<212> DNA 

<213> Rattus norvegicus 
<4 00>- 10 

ggatcctcct gatcactgga atcatggtcc 
gggcaaagac ctatggttgc agtccagagg 
tcagagaggt gctggccctg gcccgggagc 
gccactcgcc ttcagacatt gcctgcactg 
accgggttct ccaggtggac aaggagaaga 
tggctgacct gcacccacag ctggatgagc 
tgtctgatgt gacagttgct ggtgtcattg 



atgggtacaa aggggtccag ttccaaaatt 60 
tgtactacca gcccacctcc gtggaggagg 120 
agaagaagaa agtgaaggtg gtgggtggtg 180 
acggtttcat gatccacatg ggcaagatga 240 
agcagataac agtggaagcc ggtatcctcc 300 
atggcctggc catgtccaat ctgggagcag 360 
gatccggaac acataacaca gggatcaagc 420 



\ 



acggcatcct ggccactcag gtggtggccc tgaccctgat gacagctgat ggagaagttc 480 

tggaatgttc tgagtcaaga aatgcagatg tgttccaggc tgcacgggtg cacctgggtt 540 

gcctgggcat catcctcacc gtcaccctgc agtgtgtgcc tcagtttcag cttcaggaga 600 

catccttccc ttcgaccctc aaagaggtcc ttgacaacct agacagccac ctgaagaggt 660 

ctgagtactt ccgcttcctc tggtttcctc acactgagaa cgtcagcatc atctaccaag 720 

accacaccaa caaggccccc tcctctgcat ctaactggtt ttgggactat gccatcgggt 780 

tctacctact ggagttcttg ctctggacca gcacctacct gccatgcctc gtgggctgga 840 

tcaaccgctt cttcttctgg atgctgttca actgcaagaa ggagagcagc aacctcagtc 900 

acaagatctt cacctacgag tgtcgcttca agcagcatgt acaagactgg gccatcccta 960 

gggagaagac caaggaggcc ctactggagc taaaggccat gctggaggcc caccccaaag 1020 

tggtagccca ctaccccgta gaggtgcgct tcacccgagg cgatgacatt ctgctgagcc 1080 

cctgcttcca gagggacagc tgctacatga acatcattat gtacaggccc tatggaaagg 1140 

acgtgcctcg gctagactac tggctggcct atgagaccat catgaagaag tttggaggaa 1200 

gaccccactg ggcaaaggcc cacaattgca cccagaagga ctttgaggaa atgtacccca 1260 

cctttcacaa gttctgtgac atccgtgaga agctggaccc cactggaatg ttcttgaatt 1320 

cgtacctgga gaaagtcttc tactaaagca ggagtggaaa caaaccaccc tgacccctca 1380 

cacttctgct gcccccgggg gtctggggag cagagaagtg cctcacaagc acaatgggaa 14 40 

ctgacctctc ctcctgacca caaagaaagg ctgggctctg ggccgggtcc tctctgcctt 1500 

cggcatcatt tcccttacat ccaggcgaag aagtggcctc tcactcaaat tcctgttagc 1560 

atttccatgg gtcacacata aactgcaatc ctctcaggag aagggggatc cctgatacat 1620 

catatctatc cagactaagg atgtggttct tcctagattc tatggctcca ccaggtatag 1680 

agagattcct ggggcctgca gttctccatc cctcttcaga agggagggat cccttggcga 1740 

gagtttggct cagaggtggc atgaagcatg ctctgctctc tcttaccctt gaaggtcctt 1800 

cggatgccca gagatgtctg ctggtcctgg gcaagccatc attcaaacgg gtccaacctg 1860 

gccttctgtc tgccatggcc tgaccctcgc agtgtctctt ccagaggtgt ttagagtgga 1920 

actcgcttca acctcttaac cagttgctga tccctgtgtt tctctccctt ctccttggag 1980 

actactcttg gagggggatc ccaccatgtc cttggctttc cctgggtatt gttctcctct 2040 

tcctcttcac aaatatgatt tcagtttgat ttgtggcctt tctggagtgt tccttggaga 2100 

accaagatgt tccagctacc 2120 



<210> 11 

<211> 319 

<212> PRT 

<213> Arabidopsis thaliana 

<400> 11 

Met Thr Lys lie Glu Leu Arg Ala Leu Gly Asn Thr Gly Leu Lys Val 
1 5 10 15 

Ser Ala Val Gly Phe Gly Ala Ser Pro Leu Gly Ser Val Phe Gly Pro 
20 25 30 

Val Ala Glu Asp Asp Ala Val Ala Thr Val Arg Glu Ala Phe Arg Leu 
35 ' 40 45 

Gly lie Asn Phe Phe Asp Thr Ser Pro Tyr Tyr Gly Gly Thr Leu Ser 
50 ~ 55 ~ ' 60 

Glu "Lys Met Leu Gly Lys Gly Leu Lys Ala Leu Gin Val Pro Arg Ser 
65 70 75 80 

Asp Tyr lie Val Ala Thr Lys Cys Gly Arg Tyr Lys Glu Gly Phe Asp 
85 90 95 



Phe Ser Ala Glu Arg 
100 



Val Arg Lys Ser 
105 



lie 



Asp Glu Ser Leu Glu Arg 
110 



') 



Leu Gin Leu Asp Tyr Val Asp lie Leu His Cys His Asp lie Glu Phe 
115 120 125 

Gly Ser Leu Asp Gin He Val Ser Glu Thr He Pro Ala Leu Gin Lys 
130 135 140 

Leu Lys Gin Glu Gly Lys Thr Arg Phe He Gly He Thr Gly Leu Pro 
145 150 155 160 

Leu Asp He Phe Thr Tyr Val Leu Asp Arg Val Pro Pro Gly Thr Val 
165 * 170 175 

Asp Val He Leu Ser Tyr Cys His Tyr Gly Val Asn Asp Ser Thr Leu 
180 185 190 

Leu Asp Leu Leu Pro Tyr Leu Lys Ser Lys Gly Val Gly Val He Ser 
195 200 205 

Ala Ser Pro Leu Ala Met Gly Leu Leu Thr Glu Gin Gly Pro Pro Glu 
210 215 220 

Trp His Pro Ala Ser Pro Glu Leu Lys Ser Ala Ser Lys Ala Ala Val 
225 230 235 240 

Ala His Cys Lys Ser Lys Gly Lys Lys He Thr Lys Leu Ala Leu Gin 
245 250 255 

Tyr Ser Leu Ala Asn Lys Glu He Ser Ser Val Leu Val Gly Met Ser 
260 265 270 

Ser Val Ser Gin Val Glu Glu Asn Val Ala Ala Val Thr Glu Leu Glu 
275 280 285 

Ser Leu Gly Met Asp Gin Glu Thr Leu Ser Glu Val Glu Ala lie Leu 
290 295 300 



Glu Pro Val Lys Asn Leu Thr Trp Pro Ser Gly lie His Gin Asn 
305 ' 310 315 



<210> 12 
<211> 960 
<212> DNA. 

<213> Arabidopsis thaliana 
<400> 12 

atgacgaaaa tagagcttcg agctttgggg aacacagggc ttaaggttag cgccgttggt 60 
tttggtgcct ctccgctcgg aagtgtcttc ggtccagtcg ccgaagatga tgccgtcgcc 120 
accg'tgcgcg aggctttccg tctcggtatc aacttcttcg acacctcccc gtattatgga 180 
ggaacactgt ctgagaaaat gcttggtaag ggactaaagg ctttgcaagt ccctagaagt 240 
gactacattg tggctactaa gtgtggtaga tataaagaag gttttgattt cagtgctgag 300 
agagtaagaa agagtattga cgagagcttg gagaggcttc agcttgatta tgttgacata 360 
cttcattgcc atgacattga gttcgggtct cttgatcaga ttgtgagtga aacaattcct 420 
gctcttcaga aactgaaaca agaggggaag acccggttca ttggtatcac tggtcttccg 480 
ttagatattt tcacttatgt tcttgatcga gtgcctccag ggactgtcga tgtgatattg 540 
tcatactgtc attacggcgt taatgattcg acgttgctgg atttactacc ttacttgaag 600 



agcaaaggtg tgggtgtgat aagtgcttct ccattagcaa tgggcctcct tacagaacaa 660 
ggtcctcctg aatggcaccc tgcttcccct gagctcaagt ctgcaagcaa agccgcagtt 720 
gctcactgca aatcaaaggg caagaagatc acaaagttag ctctgcaata cagtttagca 780 
aacaaggaga tttcgtcggt gttggttggg atgagctctg tctcacaggt agaagaaaat 840 
gttgcagcag ttacagagct tgaaagtctg gggatggatc aagaaactct gtctgaggtt 900 
gaagctattc tcgagcctgt aaagaatctg acatggccaa gtggaatcca tcagaactaa 960 



<210> 13 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: motif I of 
aldo-keto reductase superfamily 

<220> 

<221> VARIANT 
<222> (2) 

<223> Xaa = any amino acid 
<220> 

<221> VARIANT 

<222> (4) . . (5) 

<223> Xaa = any amino acid 

<220> 

<221> VARIANT 
<222> (7) 

<223> Xaa = any amino acid 
<220> 

<221> VARIANT 

<222> (9) . . (13) 

<223> Xaa = any amino acid 

<220> 

<221> VARIANT 

<222> (15) . . (17) 

<223> Xaa =* any amino acid 

<400> 13 

Gly Xaa Arg Xaa Xaa Asp Xaa Ala Xaa Xaa Xaa Xaa Xaa Glu Xaa Xaa 
1 5 10 15 

Xaa Gly 



<210> 14 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Forward PCR 



Primer for L-galactono-1 , 4-lactone dehydrogenase 
from A. thaliana 

<400> 14 

caagaaggcc taaatgttcc gttacgctcc 

<210> 15 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Reverse PCR 
Primer for L-galactono-1, 4-lactone dehydrogenase 
from A. thaliana 

<400> 15 

atgggccctt aagcagtggt ggagactggg 



<210> 16 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Forward PCR 
Primer for L-gulono-1 , 4 -lactone oxidase from R. 
' norvegicus 

<400> 16 

tgaggggtca gggtggtttg tttcca 

<210> 17 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Reverse PCR 
Primer for L-gulono-1 , 4-lactone oxidase from R. 
norvegicus 

<400> 17 . 

tggaatcatg gtccatgggt acaaaggg 

<210> 18 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Forward PCR 

Primer for D-arabinono-1, 4-lactone oxidase from S. 



cerevisiae 
<400> 18 

tttcaccata tgtctactat cc 22 



<210> 19 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Reverse PCR 

Primer for D-arabinono-1, 4-lactone oxidase from S. 
cerevisiae 

<400> 19 

aaggatccta gtcggacaac tc 22 



<210> 20 
<211> 344 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 20 

Met Ser Ser Ser Val Ala Ser Thr Glu Asn He Val Glu Asn Met Leu 
15 10 15 

His Pro Lys Thr Thr Glu He Tyr Phe Ser Leu Asn Asn Gly Val Arg 
20 J 25 30 

He Pro Ala Leu Gly Leu Gly Thr Ala Asn Pro His Glu Lys Leu Ala 
35 40 - 45 

Glu Thr Lys Gin Ala Val Lys Ala Ala He Lys Ala Gly Tyr Arg His 
50 55 60 

He Asp Thr Ala Trp Ala Tyr Glu Thr Glu Pro Phe Val Gly Glu Ala 
65 70 75 80 

He Lys Glu Leu Leu Glu Asp Gly Ser He Lys Arg Glu Asp Leu Phe 
85 90 95 

He Thr Thr Lys Val Trp Pro Val Leu Trp Asp Glu Val Asp Arg Ser 
100 105 110 

Leu Asn Glu Ser Leu Lys Ala Leu Gly Leu Glu Tyr Val Asp Leu Leu 
115 120 125 

Leu Gin His Trp Pro Leu Cys Phe Glu Lys lie Lys Asp Pro Lys Gly 
130 135 140 

He Ser Gly Leu Val Lys Thr Pro Val Asp Asp Ser Gly Lys Thr Met 
145 150 155 160 



Tyr Ala Ala Asp Gly Asp Tyr Leu Glu Thr Tyr Lys Gin Leu Glu Lys 



165 170 175 

He Tyr Leu Asp Pro Asn Asp His Arg Val Arg Ala lie Gly Val Ser 
.180 185 190 

Asn Phe Ser He Glu Tyr Leu Glu Arg Leu He Lys Glu Cys Arg Val 
195 200 205 

Lys Pro Thr Val Asn Gin Val Glu Thr His Pro His Leu Pro Gin Met 
210 215 220 

Glu Leu Arg Lys Phe Cys Phe Met His Asp lie Leu Leu Thr Ala Tyr 
225 230 * 235 240 

Ser Pro Leu Gly Ser His Gly Ala Pro Asn Leu Lys lie Pro Leu Val 
245 250 255 

Lys Lys Leu Ala Glu Lys Tyr Asn Val Thr Gly Asn Asp Leu Leu He 
260 ' 265 270 

Ser Tyr His He Arg Gin Gly Thr He Val He Pro Arg Ser Leu Asn 
275 * 280 285 

Pro Val Arg lie Ser Ser Ser He Glu Phe Ala Ser Leu Thr Lys Asp 
290 295 300 

Glu Leu Gin Glu Leu Asn Asp Phe Gly Glu Lys Tyr Pro Val Arg Phe 
305 310 315 320 

lie Asp Glu Pro Phe Ala Ala He Leu Pro Glu Phe Thr Gly Asn Gly 
325 330 335 

Pro Asn Leu Asp Asn Leu Lys Tyr 
340 



<210> 21 
<211> 1509 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 21 

taacaatttc gtttactgaa aatgctacta gtatataatc attaagtatc taactatcac 60 
tcaataaaaa tattatagat cgcttaaaaa ctcgtttatt gccgattata aatccaccaa 120 
aagccgctct acccttacct ccgcctggaa aaattataat atataaagtg agcctcgtaa 180 
tacaggggta aaaaggaaag agggggatat caagcatctg gacttatttg cactatctcc 240 
gccttcaatt gataaaagcg tcttgatttt aatcaactgc tatcatgtct tcttcagtag 300 
cctcaaccga aaacatagtc gaaaatatgt tgcatccaaa gactacagaa atatactttt 360 
cactcaacaa tggtgttcgt atcccagcac tgggtttggg gacagcaaat cctcacgaaa 420 
agttagctga aacaaaacaa gccgtaaaag ctgcaatcaa agctggatac aggcacattg 480 
atactgcttg ggcctacgag acagagccat tcgtaggtga agccatcaag gagttattag 540 
aagatggatc tatcaaaagg gaggatcttt tcataaccac aaaagtgtgg ccggttctat 600 
gggacgaagt ggacagatca ttgaatgaat ctttgaaagc tttaggcttg gaatacgtcg 660 
aettgctctt gcaacattgg ccgctatgtt ttgaaaagat taaggaccct aaggggatca 720 
gcggactggt gaagactccg gttgatgatt ctggaaaaac aatgtatgct gccgacggtg 780 
actatttaga aacttacaag caattggaaa aaatttacct tgatcctaac gatcatcgtg 840 
tgagagccat tggtgtctca aatttttcca ttgagtattt ggaacgtctc attaaggaat 900 



1 



.1 



gcagagttaa 
taagaaagtt 
atggcgcacc 
caggaaatga 
ccttgaatcc 
tacaagagtt 
cagccatcct 
acaacgactt 
tgtgtaatcg 
ctgaaataca 
ataatatta 



gccaacggtg 
ctgctttatg 
aaacttgaaa 
cttgctaatt 
agttaggatt 
gaacgacttc 
tccagagttt 
tattttcact 
cctcaagtaa 
tacgcgcgcg 



aaccaagtgg 
cacgacattc 
atcccactag 
tcttaccata 
tcctcgagta 
ggtgaaaaat 
actggtaacg 
ttatttagtt 
acaatatgtt 
tatgcatatg 



aaactcaccc 
tgttaacagc 
tgaaaaagct 
ttagacaagg 
ttgaattcgc 
acccagtgag 
gaccaaactt 
cgcttcttaa 
tttcatacgt 
tattagttaa 



tcacttacca 
atactcacca 
tgccgaaaag 
cactatcgta 
atctttgaca 
attcatcgat 
ggacaattta 
tcttgtcaaa 
gatttgaagt 
attactcgaa 



caaatggaac 
ttaggttccc 
tacaatgtca 
attccgagat 
aaggatgaat 
gagccatttg 
aagtattaag 
aacaagatat 
ttttaagtat 
tgtcctttat 



960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1509 



<210> 22 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Forward PCR 
Primer for L-galactose dehydrogenase from A. 
thaliana 

<400> 22 

atgacgaaaa tagagcttcg age , 23 

<210> 23 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Reverse PCR 
Primer for L-galactose dehydrogenase from A. 
thaliana 

<400> 23 

ttagttctga tggattccac ttgg 24 



<210> 24 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Saccharomyces 
cerevisiae 

<400> 24 

atgtcttctt cagtagcctc aacc 24 



<210> 25 
<211> 29 
<212> DNA 



. ) 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Reverse PCR 
Primer for D-arabinose dehydrogenase from S. 
cerevisiae 

<400> 25 

ttaatacttt aaattgtcca agtttggtc 29 



<210> 26 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: motif II of 
aldo-keto reductase superfamily 

<220> 

<221> VARIANT 

<222> (2) . . (3) 

<223> Xaa = any amino acid 

<400> 26 
Gly Xaa Xaa Asn 
1 



